Indigenous Chinese cattle combine taurine and indicine origins and occupy a broad range of 3 0 different environments. By 50K SNP genotyping we found a discontinuous distribution of taurine 3 1 and indicine cattle ancestries with extremes of less than 10% indicine cattle in the north and more 3 2 than 90% in the far south and southwest China. Model-based clustering and f4-statistics indicate 3 3 introgression of both banteng and gayal into southern Chinese cattle while the sporadic yak 3 4 influence in cattle in or near Tibetan area validate earlier findings of mitochondrial DNA analysis. 3 5
3 4
Population mixture. The taurine-indicine mixed composition of Chinese cattle was confirmed by 1 3 5
the sensitive f4 ratio test ( Supplementary Table S1 ). The estimated taurine ancestry ranges from 1 3 6 close to 0.0 in southeastern China to close to 1.0 in north, with intermediate values ranging from 1 3 7 0.282 to 0.760, from 0.240 to 0.320 and from 0.656 to 0.770 in central China, southwestern China 1 3 8
and TAR, respectively. This pattern was highly correlated with the average memberships 1 3 9 estimated by model-based clustering (r=998, Supplementary Table S1 ). 1 4 0
As shown in Fig. 5a , negative values of the four-population f4-statistics (GIR, X; BAL,YAK) 1 4 1 suggests gene flow from Bali to indicine populations in southeastern China and Southeast Asia. 1 4 2
This gene flow has clearly been more consequential for the Indonesian cattle breeds, MAD, BRE 1 4 3 and PES as well as the southern Chinese breeds LP, HN, WN and WL. For the Indonesian breeds 1 4 4 this confirms previous results of Mohamad et al. 36 and Decker et al. 25 . Although Bali cattle are 1 4 5
relatively closely related to gaur, replacing Bali cattle by gaur as source of admixture generates 1 4 6 only a moderately negative value for the Indonesian breeds (Fig. 5b) . This is even observed for 1 4 7
Bali cattle as a test breed and may reflect the inbreeding of the gaur samples. However, the same 1 4 8 plot shows relatively low (i.e., negative, indicating gene flow) values for the southern Chinese 1 4 9
breeds. In combination with the supervised model-based clustering (Fig. 3b ), this may suggest that 1 5 0 these breeds have been introgressed by gaur and/or gayal in addition to banteng, the wild ancestor 1 5 1 of Bali cattle. 1 5 2 1 6 5
Uniparental markers. Supplementary Table S2 and Figure S5 show mtDNA and Y-chromosomal 1 6 6 haplotype distributions of Chinese cattle breeds, based on our data supplemented by literature data 1 6 7
( Supplementary Table S3 ). These uniparental markers show a north-to-south taurine-indicine 1 6 8 gradient that resembles closely the autosomal cline ( Fig. 6 ). Haplotype diversity (Supplementary 1 6 9 Table S2 and Fig. S5C ) shows that the diversity of taurine mtDNA hardly decreased from north to 1 7 0 south, while indicine mtDNA clearly decreases from southeastern and southwestern China to 1 7 1 northern China. 1 7 2 1 7 3
Detection of genomic regions subjected to adaptive constraints. For a genome-wide 1 7 4 scan for adaptive differentiation, the XtX differentiation statistics was estimated for each SNP 1 7 5
under the so-called core model and visualized in a Manhattan plot ( Fig. 7) . Among 84 significant 1 7 6
SNPs, SNP Hapmap28985-BTA-73836 on BTA5 was the most significant. 1 7 7
The three synthetic environmental covariables are associated with 185 significant SNPs 1 7 8
( Supplementary Table S4 ), from which SNP Hapmap44345-BTA-119580 on BTA11 was the most 1 7 9 significant ( Fig. 7) . From 30 SNPs associated with morphological covariables (Supplementary 1 8 0 Table 2 , of which eight showed significantly differentiated SNPs; 22, 0 and 4 1 8 9
displayed SNPs associated with the first, the second and the third environmental co-variable, 1 9 0 respectively; and 4 displayed SNPs associated with the morphological covariable. Note that only 3 1 9 1 regions (out of the 8) containing significantly differentiated SNPs did not contain any SNPs 1 9 2 associated with the population-specific covariables studied. Finally, a total of 28 candidate genes 1 9 3
were annotated in the significant regions using UCSC (https://genome.ucsc.edu/) ( Previous genetic diversity studies using mtDNA and Y-linked markers have characterized a 2 0 5 north-south gradient of taurine and indicine admixture in Chinese cattle, which is consistent with 2 0 6 the transition from humpless to humped morphology 7, 8, [16] [17] [18] . A microsatellite study differentiated 2 0 7 five groups of Chinese indigenous cattle breeds 19 . 2 0 8
Our PCA (Fig. 2 ) and model-based clustering ( Fig. 3 , Supplementary Fig. S3 ) patterns as well 2 0 9
as the NeighborNet graph ( Fig. 4 ) reveal a clear transition from taurine cattle in the north to zebu 2 1 0 in the south with consistent admixture levels within the breeds and a clear demarcation of five 2 1 1 and Simmental in Kazak, Holstein in LS, and Limousine in LX, JN and WL ( Fig. 3 ). The pattern of indicine mtDNA diversity ( Supplementary Fig. S5C ) suggests a population 2 5 0 bottleneck when they crossed the Pearl River in southeastern China.
5 1
In other studies, strong signals of selection in tropical cattle have been detected on 3 0 1 BTA5 32, 34, 49, 50 . Notably, Porto-Neto et al. identified a 20 Mb region on BTA5 with effects on 3 0 2 parasite resistance, yearling weight, body condition score, coat color and penile sheath score 32 . We 3 0 3 found a significant signature of selection for XtX and the environmenmtal PC1 and PC3 as well as 3 0 4 the morphological PC1 in the region 69.5-71.0 on BTA5 region 69.5-71.0 (Table 2) , which 3 0 5
contains the candidate gene RFX4. This gene is a member of Regulatory Factor X (RFX) family of 3 0 6
transcriptional regulators that influence MHC class II expression 51 and play a critical role in brain 3 0 7 development 19, 52 . It was also found to affect heifer fertility in tropical composition breed 3 0 8
Brangus 53 . 3 0 9
Coat color is an important target of selection in many domestic animals. It is interesting to note that Chinese and African cattle have developed independently a 3 2 4
variable taurine-indicine ancestry following a gradient from tropical to temperate climates. An 3 2 5
attractive opportunity is a detailed comparison of gene variants involved in climate adaptation by 3 2 6
using whole genome sequence data 61 . It may be anticipated that in both regions adaptation to agro-3 2 7 ecological constraints is mediated by recruiting and combining gene variants from taurine and 3 2 8
indicine origins with possible original contributions in Chinese indigenous cattle from the indicine 3 2 9
mtDNA, and the minor gayal, and banteng and yak genomic ancestry. Samples collection and genotyping. We collected samples of 437 animals from 24 breeds 3 3 8 (Table 1) , twenty of which are indigenous cattle populations from northeastern China, central 3 3 9
China, southeastern China, southwestern China, far southwestern China and or TAR (Fig. 1) . We 3 4 0 on the real data set was generated and further analyzed under the same conditions following the 3 9 0 procedure described in Gautier 38 . In particular, we ensured that the posterior estimate of the scaled 3 9 1 covariance matrix of population allele frequencies (Omega) obtained with the POD was similar to 3 9 2 that obtained on the real data since the FMD distance between the two matrices was found equal 3 9 3 to 0.28 38 . Similarly, the posterior means of the two hyperparameters a and b for the Beta 3 9 4 distribution of across population allele frequencies obtained on the POD (a=b=1.02) were almost 3 9 5 equal to the ones obtained in the original data (a=b=1.00). Taken together, these sanity checks 3 9 6
indicated that the POD faithfully mimics the real data set, allowing us to define a 0.1% 3 9 7 significance threshold on the XtX statistics (XtX=32.3) to identify genomic regions harboring 3 9 8 footprints of selection. 3 9 9
Genome-wide analysis of association with population specific co-variables was carried out 4 0 0
using the default options of the AUX model parameterized with the scaled covariance matrix 4 0 1 (Omega) obtained on the real data set as described above. 
